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Abstract 
The objective of this study is to discuss summer operation performance of a large Ground Source Heat Pump System (GSHP) for 
a NZEB office building in cold region of Beijing, China. Borehole performance under different field distribution and its impact to 
the surrounding soil at different depth is monitored and analysed. It is found that double U-tube has approximately 1.3 times heat 
releasing amount than the single tube and soil temperature raised by up to 1.4 ć after 2.5 months’ cooling operation. The 
operational data is of great value to understand and further optimize the operation strategy. It is believed that better system 
performance could be achieved with the completion of system commissioning and integration of building automation. . 
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1. Background 
Operation of U-tube system is very important for GSHP system performance; a lot of researchers have been carried 
out regarding to single U-tube, double U-tube design and operation. References[1,2] pointed out that performance of 
the U-tube was influenced by borehole re-back materials; References [3,4] had carried a series of simulation 
calculation on U-tube performance on different parameters such as borehole distance, inlet and outlet water 
temperature and flow rate. References[5,6] presents real operation data of GSHP with single U-tube, however, there 
are hardly to find out one project settled with single and double U-tube at the same time, and analyze are carried out 
on real operation monitor data, especially in nearly zero energy building in China.  
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2. Building Introduce 
A large borehole ground source heat pump system was introduced to the Nearly Zero Energy Building (NZEB) for 
China Academy of Building Research (CABR). This is a 4-floor office building, with floor area of 4025 m2 and 
occupancy of approximately 180 full-time employees. Adhering to the design principle of "passive building, proactive 
optimization, economic and pragmatic", the demonstration project integrated cutting-edge building technologies and 
set up the ambitious annual energy consumption cap of 25 kWh/(m2.a) (including heating, cooling and lighting energy) 
with acceptable indoor environment.  
This article focuses on performance of the GSHP system of CABR NZEB. Operational data of the GSHP system from 
July 15th to September 15th was recorded and analysed; as well as the soil temperature variation in its borehole field. 
3. Energy System 
Since the demo building services also as an experimental building, HAVC terminal of each floor is quite different. 
Water source variable refrigerant volume (WS-VRV) system is utilized for the first and fourth floor, and the second 
and third floor employs floor and ceiling radiation systems respectively. Other terminal devices, such as fan coils, 
radiators, GSHP, etc. are adopted for different zone and space. Energy system of the building is shown in Fig. 1. 
One absorption chiller and two GSHP units are involved in this energy system. In summer, the absorption chiller, 
driven by two types of solar collection systems, processes the ventilation load, supplemented by a 50kW GSHP unit. 
The other 100kW GSHP unit is in place to meet both heating and cooling demand from the radiant terminals for the 
second and third floor. Coupled with ground source heat pump, solar collection systems provides direct heating in 
winter with thermal storage. 
According to simulation results by DeST, the whole year cooling load of the building from July 15th to September 15th 
is about 76430.25 kWh, maximum cooling load of the building is about 156.9kW. 
4. U-tube Borehole System  
Borehole distribution is illustrated in Fig. 2. Seventy boreholes are placed in open space of the demo building 
boundary, with 20 for double U-tube with 100 meter-depth to the south, and 50 for single U-tube with depth of 60 
meters to the north and west. These boreholes are grouped in 7 sub-loops and ground water join in a header before 
entering the building. Water flow was balanced by balancing valves and monitored before being distributed to different 
units. 
Five observation wells were drilled in consideration of soil temperature variation, to monitor the impact from summer 
operation of the GSHP systems. Three wells were drilled in boundary of borehole field and two in the middle, where 
temperature sensors were placed inside the wells with 10-15 meter interval along tube depth.  
5. Data Analysis  
Steady data collection was available from July 15th after the system was in operation and under commissioning. 
Operation data of borehole and GSHP units during summer was monitored and analysed. Ground circulation water 
temperature during operation period is illustrated in Fig. 3 and Fig.4, for sub-loop 1 of single U-tube and sub-loop 6 
for double U-tube respectively. 
Figure 4 illustrates inlet and outlet water temperature of sub-loop 1 from July 15th to September 15th, where the main 
axis (left) represents water temperature and the secondary axes (right) represents temperature difference. System 
works almost every weekday except for a short break period from August 6th to 12th. And it is seen that inlet and outlet 
water temperature ranges from 20-22ćand 22-24ć respectively during system operation, and temperature difference 
was approximately 3.0ć on average.  
It is also found that both inlet and outlet water temperature decreased by approximately 2.0ćwhen entering into 
September and temperature difference decreases to 2.0 ć as well. System shows the characteristic of intermittent 
operation due to decrease of indoor cooling load.  
 
 Huai Li et al. /  Energy Procedia  78 ( 2015 )  1937 – 1943 1939
 
 
Fig.1 Diagram of energy system for CABR NZEB  
 
 
Fig. 2 Distribution of borehole system for CABR NZEB 
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5.1. Water temperature  
 
 
Fig. 3 inlet & outlet water temperature variation of sub-loop 1 
Average heat release rate of sub-loop 1 was calculated to range between 25-35W/m, which is in line with north China 
GSHP performance the system works under a normal operation performance. However, the relatively small 
temperature difference indicates that its performance could be further improved. 
Figure 4 illustrates the water temperature of sub-loop 6 (double U-tube) under the same monitoring period. It is found 
that during GSHP system operation, inlet and outlet water was operated under 20 to 26 ć, while temperature 
difference was approximately 5 ć on average. Similar to sub-loop 1, inlet and outlet water temperature decreased 
approximately by 2.0ć in late summer, and temperature difference decreases to approximately 4.0 ć as well.  
Average heat release rate of sub-loop 6 ranges from 30 to 40W/m from calculation and is approximately 30% higher 
than the single U-tube. Performance of double U-tube is expected to be 1.5 to 2 times of single U-tube, especially in 
this case, where the double U-tube is 35 m deeper. This indicated that double U-tube borehole has greater potential 
yet to reach for a better performance, if the corresponding sub-loop flow rate and system water volume could be 
adjusted when commissioning is furthered.  
5.2. Soil temperature  
Soil temperature at -25m and -55m for double U-tube and -30m of single U-tube were monitored and plotted in Fig 5 
and Fig. 6. As shown in Fig. 6, during the 2.5 month span of GSHP operation, soil temperature at -25m for well A and 
B of double U-tube raised by 1.2 ć and 0.8 ć respectively. On the other hand, soil temperature at depth of 55m 
for well A shows approximately 0.7 ć temperature increase and started decreasing when entering into September, 
while Well B continues to increase due to the effect of heat storage, with a total soil temperature rise of 0.8 ć. 
Theoretically, compared with the borehole field boundary location, boreholes in the middle tend to show a quicker 
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response to the heat releasing of GSHP system and higher temperature increase due to the heat storage effect during 
the cooling season. Soil temperature at -55m around well B is expected to keep increasing after Sep. 3rd, however, it 
shows quite the opposite in this case. This might be due to the mal-function of the temperature sensor or an improper 
sensor positioning, which is yet to be investigated. 
 
 
Fig. 4 Inlet & outlet water temperature variation of sub-loop 6 
Figure 5 shows soil temperature variation at -30m of single U-tube field from July 1st to September 15th. As shown, 
soil temperature for all three wells increased gradually during the time span, and the middle well (B) shows a higher 
temperature increase, up to 1.4 ć temperature increase, than the others due to its location at borehole field. In overall, 
temperature rise for double U-tube borehole field is 30-40% higher than that of the single U-tube, which agrees with 
the results from heat releasing rate calculation. 
6. Conclusion  
This study discussed the performance of a GSHP system for the summer operation of CABR NZEB, where both single 
U-tube and double U-tube boreholes were drilled in the field. Circulation water temperatures and temperature 
difference were collected and analysed for the borehole performance. And soil temperature variation was also 
monitored by measuring data for the cooling season. Data analysis result shows that single U-tube has a typical heat 
release rate from 25 to 35W/m. While double U-tube shows relatively higher heat release rate, 30 to 40 W/m, there 
still lies room for further improvement and calls for optimization by adjusting the operation parameters. Soil 
temperature at double U-tube borehole field increased by approximately 1.2 and 0.8 ć for depth of 25m and 55m 
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respectively, while the one for single U-tube increased by up to 1.4 ć. Soil temperature is expected to recover during 
winter’s heat extraction operation. 
 
Fig. 5 Soil temperature variation at -25m and -55m of double U-tube field 
 
Fig. 6 Soil temperature variation at -30m of single U-tube field 
Operational data for the GSHP system of its first cooling season is of great value to understand its performance and 
further optimize the operation strategy for such a complex energy system as the one for CABR NZEB. It is believed 
that better system performance is to be achieved with the completion of system commissioning and integration of 
building automation. 
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